Ultrathin frozen sections of fixed tissues and cells can now be readily producted (8, 10) , recovered and thawed (8, 12) , immunolabeled for specific proteins (2, 10, 12) , and positively stained for the delineation of structures (9) (10) (11) . Ethylacetimidate, a monofunctional imidate, can be used as an effective modifier of glutaraldehyde fixation to improve the accessibility of antigens to the antibodies (12) or to preserve the antigenicity of certain proteins that is easily damaged by glutaraldehyde (3, 14) . Semithin frozen sections of 0.1-2 µm thickness that are difficult to produce by the ordinary cryostat technique can be readily obtained by the cryoultramicrotomy technique and used for immunofluorescence microscopic studies or for dual immunocytochemical examination in the electron and light microscopes (13) . We believe that cryoultramicrotomy has reached the stage in which important immunocytochemical applications can be made, as has been described in publications from our laboratory (e.g., refs. 1, 3, and 14) as well as from others (e.g., refs. 4-6). However, there remain many aspects of the technique that can be further improved. Here, we report some recent improvements made in our laboratory.
At the present time, cross-linking of proteins with glutaraldehyde is required for the maintenance of the integrity of ultrathin frozen sections of most tissues and cells, but there are proteins whose antigenicity is abolished by glutaraldehyde, as mentioned above. Formaldehyde is a better fixative for the preservation of antigenicity (e.g., ref.
3), but the cross-linking attained with this fixative is in equilibrium with the concentration of formaldehyde in the medium: it is reversed if that concentration is reduced (12) . We therefore explored the possibility of physically immobilizing ultrastructure in polyacrylamide gels (PAG) in the presence of formaldehyde, instead of chemically cross-linking protein molecules with glutaraldehyde.
Embedding of fixed tissue pieces in PAG for the purpose of immunocytochemical applications was first carried out by Yamamoto, et al. (15) . They used solubilizable PAG, but in the present study, we employed the commonly used gels resulting from the polymerization of 5-15% acrylamide/bis-acrylamide (37.5:1) containing tetramethylethylenediamine (TEMED) (0.3 dIml) as the catalyst and ammonium persulfate (3.7 al/ml) or riboflavin-phosphate (10 ag/ml, under ultraviolet illumination) as the initiator. Small centrifuge tubes made of polypropylene were used as molds for the polyacrylamide gels. We chose as test specimens i) formaldehyde-fixed chicken cardiac papillary muscle, in order to study whether the antigenicity of vinculin which is destroyed by glutaraldehyde (3, 14) is preserved; and ii) chicken sartorius muscle, to examine the distribution of a-actinin, which tends to be displaced under mild fixation conditions (14) . The muscle pieces were fixed for 1 hr at room temperature in 4% formaldehyde in 0.1 M cacodylate buffer with 2 mM CaC12 (for papillary muscle) or in 0.1 M phosphate buffer (for sartorius muscle). They were then suspended in 5% or 15% acrylamide solutions containing the initiator and 2% formaldehyde, but without the catalyst, for 1 hr in the refrigerator. Subsequently, the catalyst was added and the mixture was polymerized overnight in the refrigerator. The preservation of structures was generally better in the 15% PAG-embedded preparation (Figure 1 ) than in the 5% PAG-embedded one (Figure 2 ), as expected. In both preparations, vinculin was localized by indirect ferritin-antibody labeling in the fascia adherens (Figures 1, 2) , which indicates that the antigenicity of the protein was not seriously damaged during the incubation in the monomer solution and the overnight polymerization. a-Actinin was localized in the Z band ( Figure 3 ) but the level of labeling was appreciably lower than in frozen sections of an unembedded specimen fixed for 1 hr in a mixture of 8% formaldehyde and 0.5% glutaraldehyde (compare Figures 3 and 4 ). In conclusion, the PAG-formaldehyde embedding appears to be a useful substitute for glutaraldehyde fixation, although the accessibility of antigens to the antibodies may be reduced by the presence of the embedding material. The technique may be particularly useful for the stabilization of mechanically fragile specimens, whether they are fixed with formaldehyde or glutaraldehyde, for both immunoelectron and immunofluorescence microscopy.
Other technical problems of considerable importance in immunolabeling of frozen sections would be the positive stain- Figure 1 appears to be more intact than that in Figure 2 . In both figures, ferritin particles indicating the presence of vinculin are localized in the fascia adherens (F) but not in the Z bands (Z) nor in the desmosome (D). In Figure 1 , a longitudinal segment of intercalated disc shows a vague definition (arrowheads) due to oblique sectioning. m, mitochondria.
Original magnification x 90,000. Bar = 0.1 µm.
ing of the specimen, and the contrast of the electron-dense markers used in immunolabeling against the background density. The solution that we use most often for the adsorption staining (11) , is a mixture of 1.9% Carbowax (mol wt 1540), 0.1% methylcellulose (400 cps), and 0.02% uranyl acetate (UA) in water. Many cellular structures are often more clearly delineated, however, when the concentration of UA is increased to 0.1-0.2% but the overall density of the section is also increased. In such cases, colloidal gold particles (AU) may be more suitably employed as the electron-dense markers (Figure 5) than ferritin or Imposil.
The recent report by Slot and Geuze (7) on the properties of protein A-AU complexes indicated that the number of protein A molecules (PA) per 5 nm AU particle saturates at about 2. In our preparations of PA-AU complexes, we increased the PA concentration to 100 µg/ml, more than ten times the concentration recommended in the report (8.8 µg/ml). In our studies, the complexes thus prepared gave a significantly higher density of labeling than complexes prepared under the "saturation" conditions. Binding studies using I 125 -labled PA indicated that the radioactivity adsorbed onto AU particles un- Figures 3 and 4 . Chicken sartorius muscle: one preparation fixed with formaldehyde and embedded in 15% PAG in the presence of formaldehyde ( Figure 3 ) and another fixed with a mixture of 8% formaldehyde and 0.5% glutaraldehyde and not embedded (Figure 4 ). Ferritin particles signifying the presence of a-actinin are localized in the Z bands (Z) in both figures but the number of the particles per unit area is appreciably smaller in Figure 3 than in Figure 4 . Original magnification X 90,000. Bar = 0.1 µm. der our conditions was more than twice the radioactivity that resulted from using the recommended concentration (Dutton AH; unpublished data). Apparently, the average number of PA molecules adsorbed onto a gold particle under our conditions is greater than is adsorbed under the "saturation" conditions and a greater number of PA sites are available per AU particle to react with Fc portions of antibodies.
We subsequently compared the sensitivity of ferritin-conjugated goat anti-rabbit immunoglobulin (Ig) and the PA-AU complex in antigen labeling by using a-actinin in the Z bands of chicken sartorius muscle as the model antigen. The muscle pieces were fixed in a mixture of 8% formaldehyde and 0.5% glutaraldehyde for 1 hr. Their frozen sections were first immunostained with affinity-purified rabbit anti-chicken aactinin and after washing, subsequently with either ferritinconjugated goat anti-rabbit IgG (60 µg/ml) or with the PA-AU complex made as described above (100 µg/ml; 5 nm AU particles). It was found that the number of ferritin particles per unit area was more than three times that of the gold particles (compare Figure 4 with Figure 5 or 6) . A three-step method was then tried for the PA-AU labeling by inserting a middle step of guinea pig anti-rabbit IgG treatment. The number of AU particles per unit area then became similar to that of ferritin particles in the two-step ferritin labeling (compare Figures 4 and 7) . This gain in labeling density, however, must be accompanied by a loss in resolution of labeling. These results indicate that different electron-dense markers have advantages and disadvantages which may make one more useful than another for a specific immunolabeling application. Figure 7 was immunostained in three stages with an additional stage of labeling with guinea pig anti-rabbit IgG inserted between the above two stages. The degree of labeling in Figures 5 and 6 is only about one-third of that in Figure 4 (ferritin-labeled; see its legend) but the degree in Figure  7 is similar to that in Figure 4 . The section of Figure 5 was much more heavily adsorption-stained than those of other figures (see text for the staining conditions). In it, fine cross-striations whose periodicity corresponds to that of cross bridges of thick filaments are seen in A bands and sarcoplasmic reticulum (SR) is clearly defined. Figure  5 . Original magnification x 120,000. Figures 6 and 7 . Original magnification x 90,000.
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